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ATTENTION OF: Distribution/
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Honorable Meldrim Thomson, Jr.
Governor of the State of New Hampshire
State House
Concord,.New Hampshire 03301 Ne .

I

Dear Governor Thomson:

I am forwarding to you a copy of 'the Nubanusit Lake Dam Phase I'
Inspection Report, which was prepared under the National Program for
Inspection of Non-Federal Dams. This report is presented for your use S
and is based upon a visual inspection, a review of the past performance
and a brief hydrological study of the dam. A brief assessment is in-
cluded at the beginning of the report. I have approved the report and
support the findings and recommendations described in Section 7 and ask
that you keep me informed of the actions taken to implement them. This
follow-up actionis a vitally important part of this program.

A copy of this report has been forwarded to the Water. Resources Board,
the cooperating agency for the State of N*4 Hampshire., In, addition, a
copy of the report has also been furnished the owner, Mr. Trhn J.
Colony, c/o Harrisville Designs, Harrisville, New Hampshire 03450.

Copies of. this report will be made available to the public, upon
reqiest, by this office under the Freedom of Information Act. In the
case of this report the :elease date will be thirty days from the date
of this letter.

I wish to take this opportunity to thank you and the, Water Resources
Board for your cooperation in carrying out this program.

Sincerely yours,

Incl JOHN N P.
As stated C~lonel, Corps of Engineers

DP~ision Engineer
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT

Identification No.: NH 00339

NHWRB No.: 166.04

Name 'of Dam: NUBANUSIT LAKE

Town: Nelson

County anc State: Cheshire, New Hampshire

Stream: Nubanusit Brook

Date of Inspection: 14 June 1978

BRIEF ASSESSMENT'

Nubanusit Lake Dam is an earth embankment 279 feet 1ong and with a
maximum height above the downstream channel of 16 feet. The embank-
ment incorporates a gate house which contains an !1 foot long granite
spillway and the controls for two 4' x 5' flood gates; each 4' x 5' gate

contains an independently operated, 2' x 3' siller gate at its base.
Initial construction took place in 1861 with a ma;or alteration and expan-
sion around 1896. No original plans are available. The dam discharges

into Nubanusit Brook which flows through the mill village of Harrisville
2 miles downstream.

The drainage area is 6. 1 square miles of heavy, steeply sloping forest.
The dam's maxim im impoundment of 7740 acre-feet places it in the
INTERMEDIATE size category. The hazard potential classification of
SIGNIFICANT derives froin the extensive property damage, but unlikely,
loss of life, expe ted downstream in the event of failure.

The dam is in FAIR condition at the present time. Deficiencies in the
areas of inadequate spillway capacity, deteriorated earth embankments
and some operational aspects require near term attention. Two areas of

• low volume seepa e on the downstream slope warrant regular monitoring
on a monthly basi i. 'Recommendations herein should be implemented by

the owner within to 2 years of receipt of the Phase I Inspection Report.
4-':.
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II

Based on size and hazard classification in accordance with Corps'
guidelines, the Spillway Test Flood (STF) ranges between the PM-
(Probable Maximum Flood) and 1/2 PMF. The selected test flood results
in an outflow of 2370 cfs (390 cGrn) assumningthat th2 flood gates are
opened when the low point in the dam begins to be overtopped. This flow
will overtop the main crest of the dam by 1. 15 feet. If the flood gates
are not opened the overtopping is increased to 1. 45 feet. The maximum
capacity of the spillway and flood gates without any overtopping of the
dam, including the low spot, is approximately 850 cfs. The spillway is
therefore considered inadequate and the overtopping could result in the
failure of the dam.

Further studies by a consulting engineer should be undertaken to determine
what alternative measures may be necessary to correct the inadequate
discharge capacity.

Operationally, the dam requires at least monthly monitoring of the two
seepage points noted, increased attention to the condition of the embank-
me'it in terms of repair of ero:-ion,, additional riprap and removal of trees,
repair of the upstream wingwalls and clearing of the immedia te downstream
channel. The installation height of the gage requires verification and some
minor changes in the normal operational procedure will improve the owner's
ability t.uqlstlmer ggencie s.

WILL AM

S- tuz0No -

949

William S. Zoin ,.E. Rob
NH Registratic•i26 Mass. Regisliation 29165
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This Phase I Inspection Report on Nubanusit Lake Dam
has been reviewed by the undersigned Review board members. in our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection
of Dams, and with good engineering judgment and practice, and is
hereby submitted Tor approval.

CHARLES G. TIERSCH, Chairman
Chief, Foundation and Materials Branch
Engi-neering Division S

FRED J. V S, Jr., Member
Chief, .gMn Branch.- .
Engineering Division

SAUL COOPER,,Member-, .-
Chief, Water Control Branch
Engineering Division

APPROVAL RECOMMENDED:

UOE B. FRYAR
Chief, Engineering Division .
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations.
Copies of these gnidelines may be obtained from the Office of Chief
of -ngineers, Washington, D. C. 20314. The purpose of a Phase I
Investigation is to identify expeditiously those ,dams which may pose
hazards to human life or property. The assessment of the general
condition of the dam is based upon available data and visual inspections.
Detailed investigation, and analyses involving topographic mapping,
subsurface investigations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation; however, the investigation'
is intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported condition. _ "
of the dam is based on observations of field conditions at the time of in-
spection, along with data available to the inspection team, In cases where
the the riservoir was lowered or drained prior to inspection, such action,
while improving the stability and safety of the dam, removes the normal
load on the structure and may obscure certain conditions which might
otherwise be detectable if inspected under the normal operating environ-
ment of, the structure.

It is important to .iote that the condition of a dam depends on numerous
and constantly changing internal and external conditions, and is evolu-
tionary in nature. 'It would be incorrect to assume that the present
condition of the dam will continue to represent the condition of the dan.
at some point inthe future. Only through continue~d care and inspection
can unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic and
hydraulic analyses. In accordance with the established Guidelines, the
Spillway Test Flood is based on the estimated "Probable Maximum Flood"
for t*he region (greatest reasonably possible storm runoff), 'or fractions
thereof. Because of the magnitude and rarity of such a storm event, a
finding that a spillway will not pass the test flood should not be interpre-
ted as necessarily posing a highly inadequate condition'. The test flood
provides a measure of relative spillway capacity and serves as an aid
in determining the need for more detailed hydrologic and hydraulic'
studies, considering the size of the dam, its general 'condition and the '

downstream damage potential.

-~~~~ f- w S V S S
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PHASE I INSPECTION REPORT

NUBANUSIT LAKE DAM, NH 00339

NHWRRB 166.04

SSECTION I - PROJECT INFORMATION

-. 1 General

(a) Authority,

Public Law 92-367, August 8, 1972, authorized the
Secretailr of the Army, through the Corp3 of Engineers, to
initiate a national program of dam inspection throughout the
United States. The New England Division of the Corps of
Engineers has been assigned the responsibility of supervising
the inspection of dams within the New England Region.
Goldberg, Zoino, Dunnicliff & Associates, Inc. has been
retained by the New England Division to inspect and report
on selected dams in the State of New Hampshire. Authoriza-F tion and notice to proceed was issued to Goldberg, Zoino,
Dunnicliff & Associates, Inc. under a letter of May 3, 1978
from Colonel Ralph T. Garver, Corps of Engineers. Contract
No. DACW 33-78-C-0303 has been assigned by the Corps of
Engineers for this work.

(b) Purpose

(1) Perform technical inspection and evaluation of
"non-Federal dams to identify conditions which threaten
the public safety and thus permit correction in a timely

* Imanner by non-federal interests.

(Z) Encourage and prepare the states to initiate
quickly effective dam safety programs for non-federal
dams.

(3) Update, verify and complete the National
Inventory of Dams.

(c) Scope

'The program provides for the inspection of non-Federal

dams in the high hazard potential category based upon location,
of the dams and those dams in the significant hazard potential

* category believed to represent an immediate danger based on
condition of the dams.

p.•



" 1 . 2 Description of Project

(a) Location

This darn lies in the Merrimack River Basin at the
southwe st end of Nubanusit Lake, approximately Z miles north
of the town of Harrisville. Access to the site is via Tolman
Pond Road which intersects Nelson Road 0. 3 miles south of
the town of Nelson. The portion of the USGS Monadnock, N. H. 3
"quadrangle presented previously shows this locus. Figure 1
of Appendix B presents a detail of the site developed from the
"USGS map and the site inspection.

(b) Description of Dam and Appurtenances

"The dam consists of a 279 foot long earth embankment
with a maximum height of 8 feet -and with riprap protection .

on some of the upstream slope (Appendix B, Figs. 2 and 3). _

The structure incorporates a gate section with an 11 foot long
granite spillway and with two 4 ft. x 5 ft. gates (Appendix B,
"Fig. 4). Tolman Pond Road is directly downstream of the
embankment. The owner can release water from Spoonwood
Pond (Appendix B, Fig. 1) into Nubanusit Lake if necessary
to maintain mandated levels in the larger lake. r
(c) Size Classification

The dam's maximum impoundment of'7740 acre-feet
places it in the INTERMEDIATE size category as defined by
the "Recommended Guidelines."

(d) Hazard Potential Classification

The mill town of Harrisvil le, with a population of 300,
is 2 miles downstream of the Nubanusit Lake Dam. While

- appreciable damage to buildings along Harrisville Pond and'
Nubanusit' s downstream channel would result in the event of
a failure, loss of life is' not likely, given that the rise in
Harris'ville Pond would not be sudden since the valley is
broad enough to spread the flood wave. Thus, the dam
warrants hazard potential classification of SIGNIFICANT.

(e) Ownership

ar Mlr. John J. Colony, Jr., c/o Harrisvilte Designs,
Harrieville, N. H. 03450, owns the dam. His phone number is
603-827-3334.

1.V.'.-. V U'. Vl,- V -''.-V- V
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(f Operator

Mr. Colony, his brother, Mr. Charles Colony, and
his son, Mr. John J. Colony III, operate the dam. -

(g) Purpose

The primary purpose of the dam is to store water 'or

recreational use, industrial processing and possible power

generation in the Harrisville area.

(h) Design and Construction History

A 1936 NHWRB report indicates that initial construction
took place in 1861; the first dam consisted of earth embankment
with upstream rock protection, some of which is still visible.
The report mentions one F. Upton as the architect/engineer
for the project. The owner believes that a significant expansion

of the dam, most likely to its present configuration, took place
around 1896. No design drawings or construction plans are

available.

S(i) Normal Operational Procedures

On I June of each year, the NHWRB requires that the

lake level be at gage elevation 12.5 (elevation 1375. 23 MSL)

and that gradual drawdown occur such that the level reaches

elevation 11. 1 by 15 September. The board also requires
a minimum 2 cfs downstream flow. At other times, the
owners operate the dam as necessary to satisfy industrial

uses and to control flooding to the extent possible. The
option of using water from contiguous Spoonwood Pond to

maintain the mandated levels in Nubanusit is also available.

1.3 Pertinen.t Data

(a) Drainage Area

Nubanusit Lake receives runoff from a 6. 1 square
mile drainage area. The surrounding terrain is heavily
forested and 'steeply sloping in most areas. There is limited

year.,round development along the lake, the majority of the 98

cottages and houses being summer residences.

1-3
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(b) Discharge at Dam Site

Based upon a report prepared in 1977 by the NHWRB,

the storm of record in this area v'as the 1938 hurricane,

which approached the 100 year storm for the Nubanusit Lake

vicinity. From a level 19 inches below full pond, the lake

rose 37 inches or to a point I8 inches above full pond. Both

4 ft. x 5 ft. gates were completely open during this storm

and flood.

(c) Elevation (ft. above 'MSL) (Gage El. 13. 1 = 1375. 8 MSL)

(1) Top Dam - 1379k (main crest); low point on crest 1377.2.

(2) Spillway Test Flood pool - 1380. 1 "

(3) Recreation pool - June 1 - 1375, 2-
Sept. 5 -1373.7.

(4) Spillway crest - 1374. 7*

(5) Streambed at centerline of dam - 1362. 7*

(d) Reservoir

(1) Length of maximum pool - 3. 5 miles,

(2) Storage - recreation 4600 acre feet

-top of dam 7640 acre feet

(3) Surface' - 715 acres

1-4
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(e) Dam

(1) Type. - Earth embankment with riprap

(2) Length 279 ft.

(3) Height - 16 * feet

(4) Top Width - 10 feet *

(5) Slide Slopes - Downstream 1:1; Upstream 1:15

(6) Zoning, Core, Cutoff - Unknown

(h) Spillway

(1) Type - Granite Slab

(2) Length of weir - 11 ft.

(3) Crest elevation - 1374. 7 ft. *

(4) Gates - Z at 4 ft. by 5 ft each with 2 ft. x 3 ft.
spiller at base.

(5) U/S Channel - 12 ft. wide with vertical stone side 1
walls '

(6) D/S Channel - Narrow with steep, rocky slopes

-" (i) Regulating Outlets

The 11 -foot long granite spillway and the two flood

gates permit regulation of the lake level as required by the
NHWRB stnd commercial interests. Each 4 foot by 5 foot
flood gate, which requires a chain hoist for operation, has
a smaller 2 foot by 3 foot spiller gate built into its base.

Threaded stems control the opening of the spiller gates.
Water pressure holds the larger gates against their discharge
openings and brass guides maintain the proper alignment
during movement. The owner replaced the wooden portions '
of all gates with new cypress in 1959.

1.-



SECTION 2 ENGINEERING DATA

2. 1 Design

Neither Mr. Colony, whose family has owned the, dam since its
construction, nor the NHWRB have any original design drawings. The
present structure is generally quite simple and incorporates no unusual S
design features. The design appears adequate for its intended purpose,
having survived over 100 years and having successfully passed'an estimated
100 year flood in 1938.

2.2 Construction

No construction records for the dam are available. Visual inspec-
tion of the embankments and outlet works revealed no major construction
deficiencies. In general, the quality of the construction is as good as can
be expected for a structure of this type bitlt during this period.

2.3 Operation

The NHWRB has all records of dam operations from 1973 to the
present and requires Mr. Colony to report all operations every two weeks.
The owner also maintains records from 1965, when he first initiated formal .
record-keeping, to 1973.

2.4 Evaluation of Data

(a) Availability

As mentioned above, the original plans for this dam are
not available, if indeed they. still exist. preVtoUs inspection
and inventory reports, sketches, and correspondence concerning
the dam, supplemented by the observations of the inspection team
and interviews with the owner, form the basis of the information-
presented herein.

(b) Adequacy

The lack of indepth engineering data does not permit a de- "
finitive review. Therefore the adequacy of this dam could not be
assessed from the standpoint of reviewing design and construction
data; the evaluation is based- primarily on visual inspection, past
performance history and engineering judgment.

2- , :..--.'
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(c) Validity

The visual inspection, ownlers observations and hydro-0
logical analyses are of sufficient validity to warrant satisfac-
tory evaluation.

10 0
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SECTION 3 - VISUAL INSPECTION

3. 1 Findings

(a) General " ..,.

The Nubanusit Lake Dam is in FAIR condition at the present
time and requires no immediate remedial measures for continued
safe operation under normal conditions. -It does, however, require
some maintenance work, the details of which Section 7 oresents.

(b) Dam

(1) Embankment (Overview photos)

The two embankment sections which flank the gate-
house show no evidence of vertical or horizontal movement. There ..
is no seepage with the junction of the outlet works and the ends of
the embankments, where the fill tapers off to natural ground, are...
stable. The right embankment has a significant number of large
trees growing along its entire length, while the left embankment
has 3 trees growing near its iar end.

Inspection of the embankment revealed two low volume seepage
points on the right side of the dam. As indicated in Figure 2
there is a 0. 05 gpm flow-of slightly discolored seepage at the toe
of the right embankment near the inlet to a 16 inch culvert under
Tolman Pond Road. The area is in the drainage ditch for the road,
but the primary flow issues directly from the embankment. The

---- second flow, of about 0. 1 gpm, is across Tolman Pond Road and
about 10 feet from the outlet of the culvert mentioned above. Since
the general area of this seepage is also in an area through which
surface drainage would flow, positive identification of the flow as 0--.--

seepage through the dam is not possible.

Erosion has occurred all along the embakmnent. The riprap pro-

tection on the upstream face, some of which is part of the original
rock crib and some dumped randomly as mass protection from ice
run-up, does not fully cover the earth surfaces, resulting in
localized areas of severe erosion.

3-1

W W- W, W.' W W W_ .W~ 01 W W V W

S.. .. . . . ."



(2) Spillway

The granite spillway, akhough submerged, was

visible due to the clarity of water and appears to be in good

condition (Figure 3).

(3) Gates

The oper-iting mechanisms for the spiller gates

are in good condition. T'he owner operated both gates with no

diff icult y.

Operation, of the flood gates was impossible due

to the lack of a chain fall or other hoisting mechanism. Ad-
ditionally, the owner indicated that while he could open the

flood gates at the present lake level (El. 11. 85), they might
not close properly due to the longitudinal force created at this

particular head of water. He indicated thatfrom past experience,

full closing of these gates was not possible until the water level

dropped to elevation 6. 5,almost 6 feet below that mandated at

this time of the year.

(4) Outlet Culvert (Photo 1)

rhe abutments supporting the superstructure are .

in good condition with the exception of the' wingwall extension of

the left 'abutment. The outer end of thia; wingwall has unraveled

'due to undermining and has caused a full-length diagonal crack
on the mortared portion of this wall. The' right wingwall, which

consists of dry rubble stone masonryi does not show any sign of

distress or movement and is in good condition. The reinforced q
concrete slab supporting the roadway is in fair condition. There

is some exposed longitudinal.reinforcing steel at the downstream

end of the slab and minor checking and efflourescence on the under-
side of the slab.' The steel stringers spanning the remaining por-

tion of the culvert are rusted, but do not show evidence of loss in

'cross- sectional a'rea.

(5), Gate House (Photo 2)

The wood framed structure, its foundation supports

and removable floor planking are in good condition.

3-2
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(6) Trash Rack (Photo 3)

The trash rack upstream of the gate house water-
way opening, although slightly rusted, is in good condition.
The concrete wingwalls on either side of the trash rack are
badly deteriorated with open joints and dislodged stones. -

(c) App.renant Structures

The dam has no formal appurtenant structures. The
nearby Spoonwood Pond Dam, however, discharges directly into
Nubanusit Lake and, thei efore, influences the hydrology- of the

lower lake (Fig. 1). Although Section 5 of this report briefly.
discusses the influence of the Spoonwood Dam oh Nubanu~it. Lake,
the condition of the structure is the subject of a separate report -

under this contract.

(d) Reservoir

An inspection of the reservoir shore revealed no evidence :6 .

of movement or' other instability. An examination of the sur-
rounding watershed detected no work in progress or recently
completed which might increase the flow of sediment indc the
lake or which might adversel.y affect the runcff characteristics
of the basin. S _

(e) Downstream Channel

No observed downstream conditions exist which would
adversely affect the operation of the dam or which pose a hazard
to the safety of the dam. The hydrologic analysis of Section 5

does, however, consider the effects downstrean of a major
beaver 'dam and of an abandoned and breached rock crib dam.

3.2 Evaluation

The visual inspection of the dam, reinforced by historical infor-
mation .tom the 'owner, permitted a satisfactory evaluation of those fea--
tures which affect the safety and stability of this, structure. The dam'
is in FAIR condition, as are appurtenant works.

* -. ' .~
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SECTION 4 -OPERATIONAL PROCEDURES

4.1 Procedures

As noted previously, the NHWRB requires that the lake be at gage -. -.-.

elevations 12.5 (USGS El. 1375.2) on I June and 11.1 (USGS El. 1373.8)
on 15 September and that tae int ervening drawdowvn follow a more or less
linear time-elevation relationship. The owner reports all dam operations
to the NHWRB every two weeks. If the level in Nubanusit Lake falls below
that speciiied, he releases water from Spoonwood Pond as required to -
raise Nubanusit. After 15 September, drawdown continues such that the
lake i ; approximately 3 feet below full pond for the fall storm period.
This practice conforms to the recommendations of the original builder
of the gates, a Mr. Humphreys, who stated in an early publication pro-
vided by the owner that "it is much better and safer to have the pond three ,
feet below high water mark in September, than it is to have it full with a
rainfall that would cause it to rise three feet in a few days time. " Some
littoral property owners object to this procedure, desiring instead only
2 feet of drawdown. All drawdown is through the spiller gates, as the
owner believes that the flood gates, last opened in 1938, would not prop-
erly reseat once opened. Mr. Colony maintains informal contact with
the operators of the downstream MciDowell dam to obtain advice con-
cerning how much runoff wiil accompany a given storm or at which level
he should set the lake in anticipation of spring snow melt.. Only Mr. Colo-
ny, his brother Charles, and his son,. John J. Colony I1U, operate the dam.

4.2 Maintenance of Dam,

The dam receives frequent checks by the owner and regular inspec-
tions by the NHWRB. The owner implements those repairs induced by
hiL own inspections or by the more formal NHWR visits.

" 'The most recent repairs, reconmmended b the NHWRB in 1976,'

involved the removal of trees from the embankme t and the repair of
concrete near the inlet to the gate house. While ome work in these areas
is evident, the removal of the trees is only partia ly complete. The delay
is due to a boundary dispute with an abutter.

4.3 Maintenance of Operating Facilities

As mentioned previously, the owner repla ed the wooded portions _ 4

of the gates in 1959. With the exception of lubrication, the operating
mechanisms require little or no other attention.

4-1
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4.4 Description of Any Warning System in Effect

The dam's c-.%ner, wao lives in Harrisville a short distance
downstream, moni-.ors ýhe dam continuously luring emergency periods.
The tightly knit lake community assists him in this endeavor, rapidly
notifying him of any problems with the structure.

4.5 Evaluation

The established operating procedures appear adequate ,for this
dam. Some improvements are possible, however, particularly in the
areas of increasing the capability for operating the dam in an emer-
gency and of implementing recommended repairs. 1 .

' .- ]- .-"-.
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SECTION 5- HYDRAULIC/HYDROLOGIC

5. 1 Evaluation of Features

,a) Design Data

"Data sources available from the New Hampshire Water
_ Resources Board (NHWRB) included information collected for

*a review of the operating policy for the dam'conducted by the
NHWRB in 1977 and inspection reports from 1937, 1973, and
1974. The sources deal primarily with the physical characteristics
of the dam and operating policy, which sets target elevations for

the lake on June i and September 15 of each year. The data in-
. cludes evaluation of the 100-year peak inflow and the historical

peak inflow during the September 1938 Hurricane.

The available data do not contain a specific design flood,
but do indicate the maximum outlet capacity is 695 cfs. From
the available data it is unclear at what head and with what config-

. uration of gate openings this was calculated.

"A recent NHWRB review of the operating policy resulted
in an order to tht dam's operators to maintain elevations of 12. 5
feet on the lake gage on June 1 of each year and gradually lower'
"this to 11. 1 feet on Septembe-, 15. The crest of the spillway at

. 12. 0 feet on the gage corresponds to elevation of 1.374. 7 feet
I MSL. A deed executed in 1870 established the legal'full pond at

gage elevation 13. 1. Each fall, the owner drops the lake level
i to approximately 3 feet below "full pond" in anticipation of fall
: ,storms and spring runoff, where "full pond" is meant to the

gage elevation' of 13.1 or 1. 1 feet above the spillway crest.

L



(b) Experience Data

There is no complete re,.ord of discharges from Nubanu-

sit Lake. The dam owner maintains irregular records of the
lake elevation between 1965 and 1973 and biweekly records since
then; thus, approximations of the average daily fiows between
readings are possible from the dam rating curve after assuming
positions for the adjustable gates. The peak flood occurred as

Pr part of the September 1938 hurricane when about 6.6 inches' of
"runoff produced an estimated maximum inflow of 2915 cfs.
During this storm, the lake rose from 19 inches below "full"

to 18 inches above even thoughthe flood gates were completely
- open. This rise corresponds to an estimated peak discharge

rate of 860 cfs.

(c) Visual Observations

"The dam owner operates the dam on a regular basis.

r_ Given the competing requirements of downstream users and lake-
side property owners, maintenance of the lake level within narrow
tolerances is imperative to satisfy all parties. A locked gate-
house contains the controls for the dam's outlet works. There
is an 11 foot long spillway at elevation 12.0 feet on the lake gauge
that acts as a sh&rp-crested weir under normal conditions. In
addition, there are two sets of moveable gates. The emergency
flood-gates each have a maximum opening of 4 feet by 5 feet and

- require a chain hoist for operation. Mounted on the face of these
gates are smaller spiller gates used during the normal control
of the lake. A threaded stem mechanism controls their operation

* and they have maximum openings of 2 feet by 3 feet each. The
bottoms of all four gates correspondto elevation 0. 0 feet on the

lake gauge. The owner last operated the flood zontrol gates in
1938 and doubts that he coald properly reseat them once opened
"without significantly Lowering the lake level. Thus, the owner is
predisposed not to use the emergency gates until he is certain
that overtopping of the dam is imminent. The main crest of the

' dam is 4. 25 feet above the spillway crest. On the west side there
is an access road to a boat launching area, opposite which there
"is a low point in the embankment some 1. 75 feet below the average

12 crest. Thus, the crest varies in elevation and this "low spot"

would serve as the critical elevation for the start of overtopping.
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(d) Overtopping Potential

The hydrologic conditions of interest in this Phase I
investigation are those required to assess the adequacy of the
dam in terms of its overtopping potential and its ability to
safely allow an appropriately large flood to pass.

This analysis involves investigations to determi.ne how the
recommended Spillway Test Flood (STF) compares with dam dis-
charge and storage capacities. None of the original hydraulic and
hydrologic design records are available for use in this study.

The "Recommended Guidelines" specify Spillway Test
Flood criteria based c-n the size and hazard potential classi-
fications of the dam. Based on Corps' criteria for a dam

* classified as INTERMEDIATE in size and SIGNIFICANT in
fl hazard potential, an appropriate STF is between 0. 5 and 1. 0

times the Probable Maximum Flood (PMF).

Calculation of an estimated PMF is possible by using the
chart of "Maximum Probable Flood Peak Flow Rates" obtained
from the Corps of Engineers, New England Division. The calcu-
lations consider the lake area to have "rolling" topography with
a drainage area of 6. 1 square miles. Use of the chart results in
a flow rate of 1800 cf s per. square mile. Given that Spoonwood

* Pond serves to, reduce the runoff from 29 percent of the drainage
area, a reduced runoff rate of 1500 cfe per square mile is rea-

* sonable. -This reduction results in a PMF of 9150 cfs, one half
of which is 4575 cis.

* *The "Recommended Guidelines" suggest that where a
range of STF is possible, the an~alysis should consider the mag-
nitude that most closely relates to the involved risk.- On this basis,
since the risk -is most likely on the higher side of the SIGNIFICANT
category, an STF of 8000 cfsa is appropriate' as the inflow to
Nubanutit Lake.

L An important factor in determining the safety of the dam is
the water surface. elevation at the start of the storm runoff. The'
normal lake elevation is 0. 5 feet above the spillway on June 1 and
1. 0 feet below the spillway on September 15So with a gradual tran-
s sition scheduled du ring tho se 3 1/ 2 months. During the remain-

I Lder of the fall, the owner lowers the lake in anticipation of the
spring runoff. During May the lake rises to full pond or higher,

_rl
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with subsequent lowering to the required gauge elevation of
12. 5 feet by 1 June. Faced with a predicted major storm, the
operators of the lake would open at least the spiller gates to
start lowering the pond. It is impossible to accurately predict .
at what elevation the lake might be at the start of the storm
warning or how many hour s would be available to lower the
lake. *Given these considerations, the analysis considered,
two possible starting water surface elevations. The first
which was used for the primary Spillway Test Flood was a
September 1 elevation of 11. 5 feet on the lake gauge. The
second case was the June 1 elevation of 12. 5 feet on the gauge.

Applying the procedure suggested by the Corps of Engineers
(New England Division) for "Estimating the Effect of Surcharge
Storage on Maximum Probable Discharges" results in a final .
STF outflow of about 2370 cfs (390 csm) compared to an inflow
of 8000 cfs (1310 csm), Thus, the lake has a significant dampen-
ing effect on the magnitude of the peak flow. Th,. storage-stage
curve for surcharge storage used to attenuate the STF assumed
that the surcharge storage available was equal to the lake area O
(715 acres) times the depth of surcharge. Thus, no spreading
or increases of area with depth occurs in the analysis.

The Stage-Discharge Curve represents the summation
of flows occurring in each discharge sector. The following S
operational scenario forms the basis for the computation of
this curve. Throughout this discussion, the head (H) is the
distance above the spillway; in other words, H is equal to the
lake gauge reading minus 12. 0 'feet.

(1) When H is less than 2. 5 feet, all discharge. is
through the 2 completely opened. spiller gates and over the spillway.

(2) When H is between 2. 5 and 4. 25' feet, the owner
opens -the flood gates fully and, simultaneously, water flows over
the low point on the right embankment.

(3)' When H is gr'eater than 4. 25 feet, water flows over
the entire dam and the 268 feet of embankment act as a broad-
crested weir. The overbanks at either end of ihe dam also act
as broad-crested weirs, risiug on soil slopes and with lengths
varying as a function of H,.

5-4 91"
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The peak test discharge of 2370 cfs results in a maximum
stage of H = 5. 4 ieet with the flood gates open as described pre- 0
viously. The analysis also considered the cases of the June 1
initial water surface elevation and the possibility that the flood
gates could not be opened. In all cases the main dam crest is
overtopped with the depth of overtoppirg ranging from 1. 15 to 1. 75
feet. •

5. 2 Hydrologic/Hydraulic Evaluation

The results of the hydrologic and hydraulic assessment of
Nubanusit Lake Dam indicate that the lake has a large storage capacity
to attenuate flood inflows, but that for a storm of the magnitude of an
STF, overtopping is likely even with the flood gates open.

The low point in the embankment at the boat launching area would
* be the first point of overtopping and, thus, could potentially represent

the starting point of an overtopping failure. If the road were regraded
to provide a uniform dam crest at 4. 25 feet above the spillway, the dam
could better withstand a storm of lesser magnitude than an STF.

Nubanusit Lake in conjunction with Spoonwood Pond represents
a hydraulic, .ystem that contains a very large volume of potential sur-

charge storage relative to the total drainage area and, thus, runoff
volu-. For a case such as this, the, shape of the runoff hydrograph
would significantly affect the ability of the dam to withstand an STF
magnitude storm. The methodology used to attenuate the inflow and,
thus, determine the outflow of the lake was an appropriate approxima-
tion for the purposes of this study, but more detailed analysis including'
generation of a runoff hydrograph 'and a detailed routing' through both
reservoirs is necessary to thoroughly evaluate the conditions of the
Nubanusit Lake/Spoonwood system.
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An additional concern is the effect on Nubanusit. Lake
Dam of a potential failure of Spoonwood Pond Dam (NH 00338),
the subject of a separate report in this series. Because of the

different size and hazard potential classifications assigned each -
dam, the evaluation of Spoonwood Dam considers an STF sig-
nificantly smaller than that used at Nubanusit. It is obvious,
however, that any given storm would strike both drainage areas
simultaneously and, therefore, Spoonwood Pond might receive
runoff from a storm greater than that warranted by its own size S

and hazard potential classification based on the "Recommended
Guidelines. " Preliminary calculations within the scope of the
Phase I investigation indicate that the failure of the Spoonwood
Dam is unlikely to induce the failure of the Nubanusit Dam, but
a more complex and detailed analysis is necessary-to verify b .
this conclusion.

5.3 Downstream Dam Failure Hazard Estimates

Use of the procedure set forth in "Rule of Thumb Guide- -
lines for Estimating Downstream Dam Failure Hydrographs," " -
Corps of Engineers, New England Division, April 1978, permits -

estimation of the downstream flood hazards that would result ....

from a failure of the dam. This procedure allows for the attenu-
ation of dam failure hydrographs in computing flows and flooding
depths in downstream areas. The calculations take into account
the approximate hydraulic and storage characteristics of the
stream reaches.

This analysis considers four reaches downstream of the
Nubanusit Lake Dam. The first reach is the outlet of Nubanusit
Lake for the first 1200 feet downstream to the junction with
Brickyard Brook. The second reach is from that junction down-
stre 1 mile to a beaver dam at the site of a former old mill
dam The third reach runs 2400 feet to the inlet of Harrisville "
Pon * The fourth reach consists of Harrisville Pond.

The basic assumption used in computing the peak flow '
from a dam failure is that failure occurs witi overtopping of the
emb nkment, or when H = 4.25 feet. This stage represents a
tota depth above the stream bed of 16. 25 feet. Of the total dam
leng h of 279 feet, the analysis assumed that a breach width of
100 feet would occur under failure conditions. These assumptions
resu It in a peak outflow from the dam of 11, 000 cfs.
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.Reach 1 offers very little storage capacity and thus the flood

peak would pass with very little attenuation and flood depths on the
order of 9 feet. In Reach 2 the valley flattens and widens considerably.
Here there is adequate storage to reduce the peak flow by nearly 1000
cfs to 10, 000 cfs, with resulting flow depths of up to 13.5 feet. Reach
3 consists of a steep, narrow channel that offers little storage or at-
tenuation, so that the flow throughout this reach would be about 10, 000
cfs with a depth of about 12 feet. In Reaches l and 2, there is no de-
velopment subject to damage by these depths of flooding. Several homes
in the area known as Mill Village just below the beaver dam in the upper
portion of Reach 3, are 'subject to damage by a few feet of flooding. These
homes are high enough, however, that the loss of life hazard is minimal.

Reach 4, which include~s the Harrisville Pond area, is a reach
having a significant hazard potential. Many homes iocated along the
lake front, particularly those in Harrisville Village at the pond outlet,
lie within the area of influence of a dam failure at Nubanusit. The
capacity of the outlet works at Harrisville Mill is minimal and the'pond

would probably overtop its.banks by several feet in the village area and
at the east outlet (about 500 feet east of the mill dam). . Flood waters
would flow along the roadways in the village and around the mill buildings
to rejoin Nubanusit Brook below the village. Although significant damage
in this region is likely, the loss of life potential prob..bly is not great.
The Harrisville Pond Dam is the subject of a separate dam 'inspection
report, which should cover the potential damage- to this area in more
detail.

/ W/
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SECTION 6 - STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

(a) Visual Observations

The extensive field investigation of the darn indicated
no significant displacements and/or distress which would p
warrant the preparation of structural stability calculations
based on assumed section properties and engineering factors.

(b) Design and Construction Data

As mentioned previously, a check of records held by
the present owner and by the NHWRB yielded no plans or calcu-
lations of value to a stability assessment.

(c) Operating Records " '"

As mentioned previously, the dam owner has maintained
the operating records since 1965. The NHWRB has copies of
those since 1973. These records reveal no evidence of instability
during the period covered. While no records are available for
the 1938 hurricane,' the dam did survive the accompanying 100 .-.
year flood without 'notable damage.

(d) Post Construction Changes

The results of the field investigation and a check of
available records produced no evidence of changes to the dam.
or surrounding area that would influence stability of the struc-
tur e.

(e) Seismic 'Stability""

The dam is located in Seismic Zone No. 2 'and in
accordance with recommended Phase I guidelines does not
warrant seismic analyses.

6-1
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SECTION 7 - ASSESSMENT, RECOMMENDATIONS

AND REMEDIAL MEASURES

7.1 Dam Assessment

(a) Condition

The condition of the Nubanusit Lake Dam is FAIR at

the present time.

(b) Urgency

The improvements recommended herein require imple-
mentation by the owner within I to 2 years after receipt of,
the Phase I Inspection Report.

(c) Need for Additional Investigation

A thorough analysis of the Nubanusit/Spoonwood system
requires the development of the complex hydrologic interaction
for this two dam system. -'

7. 2 Recommendations

The existing spillway capacity is inadequate to pass the STF
without overtopping. An engineering study to examine potential solu-
tions to this problem such as the feasibility of maintaining lower lake
levels, expanding the existing discharge capacity, raising the height
of the embankments, or some combination of the above would help to
facilitate correction of this shortcoming.

The installation of a communications system between the
Nubanusit gatehouse and the. town of Harriaville would significantly
enhance the owner's ability to warn downstream.residents in the event
of an impending failure.

7-1 ,,"
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The owner should establish a formal system with local officials
for warning downstream re 'sidents in case of emergency. Round the
clock surveillance should be provided by the owner during periods of
unusually heavy precipitation.

7. 3 Remedial Measures

Depending on the results of the recommended inivestigations and
since the maintenance of lower lake levels would not satisfy either com-
mercial or recreational users, the dam will most likely require either
an increase in discharge capacity or an increase in the height of the
embankments by at least 1. 75 feet. The latter course of action pr obably
represents lesu of a monetary expenditure and fits in well with some of--
the 0 & M procedures discussed below.

(a) 0 & M Procedures

(1) Install new gate guides or improve the existing
ones to perrmit easy and accurate opening and closing of both
flood gates under anticipated storm conditions.

(2) Institute a monthly pr--' am for monitoring the
2 seepages, mentioned previo~usly, with particular attention
devoted to the quantity and turbidity of the flow.

(3) Repair the deterioration to the upstream wing-
walls by resetting all stones and mortaring all joints..

(4) Remove all trees and brush from the embanikments.
Consultations should first be held with forestry experts- on the
implications to the damn of~removiug mature trees over 3 'inches
in diameter.

ý(5) Repair all eroded areas on both embankments, to
include raising the low area previously mentioned. Place addi-
tional riprap, to insure adequate protection for ill earth' areas.

(6) Clean all debris from the immediate downstream
channel.

(7) Insure the gate is properly set by verifying that
gage elevation 13. 1 is at USGS elevation 1375. 83.
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(8) Store the chain hoists for the flood gates in
the gatehouse as opposed to at the Harrisville Mill.

(9) Reset all unravelied stone on the left down-
stream wingwall and clean and paint the steel members
supporting the concrete road slab.

(10) To establish a reliable back-up force available
in emergencies, instruct local public safety officials in the
operation of the darn and provide those so designated with keys
and necessary tools.

11) Institute procedures for periocKc inspection of
the dam and appurtenant works on an annual basis in supplement
to the more frequent inspections recommended for the suspect
seepage zones.

W~~~~i W, W W W , W o
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APPENDIX A

VISUAL INSPECTION CHECKLIST
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INSPECTION TEAM ORGANIZATION

Dates: 14 June, 1974 -2:30 p.m.
!9 July, 1978 -11:00 a.m. (Operating mechanisms)

Project: NH 00339
NUBANIJSIT LAKE DAM
Nelson, New Hampsh ire
Nubanusit Brook
NHWRB 166.04

Weather: Suniiy, warm both days

inspection Teamh

James H. Reynolds Goldberg, Zoino, Dunnicliff

& Associates, Inc. (GZDA) Team Captain

William S. Zoino GZDA Soils

Nicholas A. Campagna GZDA Soils

Robert Minutoli GZDA Soils

Andrew Christo Andrew Christo Engineers Structural &

(ACE) Mechanical

Paul Razgha ACE Structural
Me chani cal

Richard L. Laramie Resource Analysis, Inc. Hydrology

The dam owner, Mr. John 3. Colony, accompanied the inspection
team on the July. 19, 1978 visit and Dr. Norris Robs-rtson provided 1 .

boat transportation.
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Nubanusit Lake Dam NH 00339 -'

Nelson, New Hampshire June 14, 1978

CHECK LISTS FOR VISUAL INSPECTION i

AREA EVALUATED BY CONDITION & REMARKS

EMBANKMENT 6 .

Vertical movenent and align-
ment None

Horizontal movement and •
aiignmert None

Surface crazks None

Conditions at abutments and at
juncture with spillway and gate
section No deficiencies noted

Trespassing on slopes Not, significant

Sloughing or erosion of slopes
and abutments Considerable erosion on up-

stream slope - downstream
slope heavily vegetated

Trees or animal burrows on . S
slopes Numerous trees requiring

removal on'right side, 3 at '- .

end of left side

Riprap slope protection Some loose rock dumped at toe 0
of slope, but riprap is generally
inadequate to protect the- em- "'-"''-',"-'
bankment

Unusual movement or cracking
at or near toe None

Unusual embankment or downý-
stream seepage e,4 Seepage at .05 gpm noted near

inlet to road culvert on right
side, and 0. 1 gpm 10 ft. culvert
outlet; the water near the culvert
inlet is slightly discolored,
while near the outlet is clear.
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Nubanusit Lake Dam NH 00339

4 Nelson, New Hampshire June 14, 1978

CHECK LISTS FOR VISUAL INSPECTION

"AREA EVALUATED BY CONDITION & REMARKS

Piping or boils 9 Noue noted

Foundation drainage features None detected or shown on
available documents

-OUTLET WORKS

(a) Approach channel

Bottom conditions dY1  Sandy bottom free of debris or
obstructions

Log boom None required

Fish and trash racks Rack of I-I/2" x 3/8" flat bars
on I" centers is rusted but in
good condition

Loose stones Stones displaced horizontally
and vertically

Erosion of joints Most joints completely open

Erosion under base of,
wall Considerable erosion all around

walls

(b) Gates

Condition Wood replaced in 1959

Serviceability of
threaded stems foi
small gates ..... Operating condition good

"Serviceability of chain
hoist for large gates Hoist stored in Harrisville;

flood gates not operated
Gate mountings

kT. Owner does not believe flood

gates can be reseated if openect
gates held by water pressure
and slide in brass guides

A-4
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Nubanusit Lake Dam NH 00339

Nelson, New Hampshire June 14, 1978

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

.- Adequately secured

(tamperproof) Locked gatehouse

(c) Spillway

Ir Condition of granite. slab P Good

"Mounting of slab. - No deficiencies noted

(d) Outlet Channel (immediate

area)

.Slope conditions • 1:1 rocky slopes on both sides

Rock slides or falls None noted

Control of debris Many small branches and logs
in channel

Trees overhanging
channel Channel heavily wooded on both

"sides with many trees over
channel

I O Other obstructions Beaver dam and breached rock

crib dam I mile downstream

Erosion at outlet .14& None

Condition of road and
* bridge Rust on supporting' steel; minor

"Condition of stone efflourescence and checking on

masonry walls supporting A c- .roof slab; some exposed rein-

bridge forcing

"b Loose stones Some unravelling on left side;
Erosion of joints &C joints only partly mortared
Erosion under base S

"of wall Some erosion on left side
(e) Existence of gages . Gage inside gatehouse. Gage

apparently- reset in 1976, but

at wrong elevation. 1975 NHWRE
indicates spillway at 12. 0 on
gage, but now at l-I. 55
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i /
Nubanusit Lake Darn NH 00339
Nelson, New Hampshire June 14, 1978

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

RESERVOIR

(a) Shoreline

Evidence of slides 94£' None noted

Potential for slides Entire shoreline appears stable

(b) Sedimentation None noted

(c) Upstream hazard areas in
the event of backflooding 98 cottages located around lake's

shore, of which 50% subject to
inundation if lake rises 7 feet

(d) Changes in nature of
water shed (agriculture,
logging, construction, etc) No change noted-watershed

primarily heavy forest

*DOWNSTREAM CHANEL

Restraints on dam operation Large beaver dam and breached
rock crib dam about 1 mile
downstr earn

Potential flooded areas Only 2 homes between dam and
Harrisville pond, but heavy
development around pond and
near Harrisville dam.

OPERA TIONM& MAINTENANCE
FEATURES

(a) Reservoir regulation plan

Normal procedures Lake at 12. 5 gage on I June
and 11. 1 gage on 15 September

EEmergency Procedures Owner operates dam as neces-'
sary during other periods' to
control flooding and to permit

commercial use of water down-
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Nubanusit Lake Dam NH 00339

Nelson, New Hampshire June 14, 1978

CHECK LISTS FOR VISUAL INSPECTION

AREA EVALUATED BY CONDITION & REMARKS

Compliance with designa- Pste i rtu rp
ted plan Present year is first under plan

and is being closely monitored
by NHWRB -

(b) Maintenance

Quality Tree removal recommended by
NHWRB-for 1977 not accomp-
lished, partly, due to boundary
dispute

Adequacy Maintenance of operating
facilities adequate

%
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APPENDIX B

Page.

Figure 1 Site Plan B-2
Figure 2 Plan B-3
Figure 3 Sections Through Embankment B-4
Figure 4 Section Through Gatehouse B-5

List of pertinent records not included and
their location B-6

Letter dated 27 Sept 1977 from the NHWRB
to the Colony's stating the outcome of the
1977 public hearings B-7

Study of Nubanusit Lake, undated., completed
by the NHWRB. B-10

Outline sunnnary, undated, of Nubanusit
Lake situation by the NI-nVRB B-12 S

Letter dated 15 Sept 1977 from the Colony's
to the NHWRB outlining their position on the
public hearings B- 16

Letter dated 18 Feb 1976 from the Colony's
to the NHWRB discussing repairs at Nubanusit B- 18

Storm storage capacity review, undated, of

Nubanusit Lake by the NHWRB B-19

Letter dated 3 Jan 1975 from the NHWRB to
John J. Colony, Jr. concerning the board's
analysis of the dam's operating records B-Z"

Memo dated 10 Sept 1973 outlining the results
of a NHWRB inspection dated 5 Sept. 1973 B-Z2

Statement dated 13 Feb .1937 by surveyor
Frederick Phillips stating the USGS elevation
of legalfull pond B-23 .

Deed dated 3 Mar' 1870 by H. M. Sheldon con-
veying land and water rights to Colony's and
establishing legal full pond and maximum draw-
down B-Z4 24
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The NH'VRB maintains a copy of most documents regarding the
Nubanusit Lake Dam. Included in these records are:

a) Letter from Filtrine Manufacturing Company to the NHWRB

dated 24 August 1977 concerning the uses of Nubanusit's . .
discharge in Harrisville.

b) Letter from the dam owner to the NHWRB dated 20 August
1977 outlining the owner Is position on the July 1977 public

hearings. S S

c) Design data for a hydroelectric installation for Filtrine's
plant in Harrisville prepared by Niagara Waterwheels Ltd.
and dated July 1976, which discusses the hydrology of

Nubanusit Lake and Spoonwood Pond.

d) Letter from the NHWRB to the owner dated 7 January
1976 outlining repairs recommended by the board based
on a 12 December 1975 inspection.

e) NHWRB inspection report dated 12 December 1975 .
(not included in report as it contains no useful informs-
tion).

f) Analysis of Nubanusit discharges between January 1973

and August 1974 by the NHWRB.

g) Dam operating data from January 1973 to August 1974.

h) NHWRB inspection report dated 7 November 19741
(not included in report as it contains no useful informa-
tion).

i) A 1939 report by the New Hampshire Water Control

Commission entitled,"Data on Dams in New Hampshire.".

j) A 1939 report by the same agency entitled "Data on

Reservoirs and Ponds in New Hampshire."

k) A 1937 NHWRB report entitled "Inventory of Dams and
Water Power Development. "

Additionally, the New England Division of the Corps of Engineers
has published a report, dated April . 1974 which covers flood plains in the
town of Peterborough,. N. ITI., an area which includes this dam.

B-6

* - . . -.-.- ,---.-.--.-.:.'.- . -.

. . . . . . . . . . . . . . . . . ....-

• .- • ••. •o • .•.'..o•. '• .. ,*•,.o" •. •. •-•.. . . . . . . . . . . . . . . . . . .., . . . .... .. . . . . . . . . .,.. . . . . . . . . . . . . . . . . . . . . . . o • • ", ., .. , . . . •. °



0

WATER RESOURCES BOARD
CONORD 03301"73 Pleasant Street

27, -077

".:ssrs. Charles Colnv & John% J. Colo-,7 -J..
z/o Harrisville Desi&-s
--_isville, New H_..s:-dre 03L-50

Gentleman:

At a meetlng of the NWw H-.shre W.ater Resources Board held at Pittsburg, 0
N:ew .shire on September 17, 1977, havl.-g revieNned all the data presented
at the public hearing and in the files of the Board along with staff reco•--
rendations, the foll.'."-ng findi.gs as required by the provisions or Chapter

J48J4, "Lake Levels Investigation and ?rooe&-edI--s" have been adopted:

1. That Nubwxusit Lake is a pubilc xmter of the State.

2. That the eration., control ar! =%'gem nt of the da=
at the outlet of ,'ianusit .ake by,, John, Jr. and
Charles Colony is a lawful use.

3. Tht, as a remsult of this in-.-.stiaticn, the Board is
of the opinion th.- a change -.n the marer of exercise
of righ of anagenmt and :-t.-ol of this public water
would be 'of benefit to t1e* ns of the shore prqmety.
and the public .

4. That such change and ra.- e-.. and control fr the ,
benefit of others v'.Qld not ca.•se undue inura7 to the
owner of the outlet.

It is, therefore, directed that the ovne.s of the dam at the outlet of Nubans"sit
Lake, John, Jr. and Charles Colony shall! opt e the level of Nubanusit Lake
for the benefit of, the recreat.ior!Al use of stei public waters in such a marnne J-1
that t1e level of the lake shall be ra.t--aIedn at or about an elevation of .2.5
feet on the gauge on or near June I each year and at or about an elevation of
1.1.0 feet by Septwreber 15 of each year.

That the disdIaMrs Pr% sad dam shall be co nrolled such that between June 1
and Septwaber 15 of each year the level of the lake shall be lUered in a W..
radually decreasing fashion startin • . '2.5 feet on June I mid arriviqn at

11.0 feet on Septeftr 15 as s P-.m g•. al:4i on the attached cart, to the 7
extent that weather conditions peirmt, pro..id e hz.wmr that if the aforesaid
level is not maintained the burde-n %.,11 :e ,pcn the m.rer to show that said
variations resulted from caswes beyon.i, hIs =..trol.
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O'Ale Cclon' & .. n J. Co.....7. J-r.

~e:~?27, 1977

:-a: mtre flo,.r do'aimtrt of : ±tlake not be reduced bu3zw 2 cuic
feet Der second at a!V 14-7*.

4f youa have aM question~s regardin~g the above, plea.3e cotact us.
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NIJBANUSIT LAKE STUDY

SUýfLARY

STATEMENT OF OPINIONS

*
1) Record files in the office indicate that only minimal commercial uses exist down-- e

stream of Nubanusit, though actual hydroelectric generation will exist after
certain agreements can be made between Filtrine and the Colonys. Thexefore
the only current bona~ide use of Nubanusit waters is for recreation. '.-

2) Ilvestigation indicates that the above current management and c~ntrol is
lawful and shall be directed as follows with a 1/2 foot accepted alowable _______

tolerance weather permitting). 9
Lake level on gage (Full pond - 13.1)
June 1 St September 15th
12.1 - 1 foot drop thru summer -U.

This recreational season guideline can be accomplished by closing the gates
to store the spring rains and snowmelt and to have a "full pond" around the
let of May. Then opening the "Spiller gates" as appropriate to draw off f
the top 1± foot by. the let of June. The gates may then be closed again
(leakage allows sufficientt enerou: basaf low of 0.2 cf s/mi 2 ) as zequired to achieve .* .

above level. After the 15 of September the gates nay be operated for the
storage of normally expected winter snows and spring reins. This is not
to take precedence over prudent operations during storm events which nay` require
additional damn and gate operations..

3) Because this lake does not currently produce any income, and the proposed
operation is not a significant change from previous operations, no
financial damage is recognized.

SUCGESTED FUTURE CONSIDERATION

1) Ad previously indicated the reservoir system of Spoonwood Pond, Lake Nubanusit,
and Harrisville Pond can be managed to provide sufficient water f or a variety of
uses year-round within an acceptable tolerance. This should be reconsidered
'as a vaeble operation after a formal long term agreement between Filzrine
Manufacturing and the Colonys is adopted for the use of water to run their

turbie. 4

A) Suggested operation: Clos~e Spoonwood's gate, in the fall probably
after the l 5 th of September. Due to the release of its stored water
during the summer, it should be down substantially aid ready to store the:
anticipated precipitation of ths winter and spring.

3) Adjust the flow discharge from Nu1banusit to statify the usual fall
drawdown schedule which has shown to be effective in the past. This
discharge should be tempered to some degree to insure a constant supply
for Filtrine. .

C) After the drawdown of Vnbanusit is accomplished a steady discharge of
15 cfs daily from Nubanusit would supply the Torbine's needs for an
eight hour shift.

B-10
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Nubanusit Lake Study
Page two

/

D) •aintain this flow during the spring snownelt to insure adequate flow
and the filling of the lake.

E) As weather conditions permit and the lake level approaches "full pond"
on the I of May, adjust the gates and/or splash boards as appropriate.

F) Adjust the flow discharge to a minimum of 10 cfa on the lot of May to
be down approximately 1 foot on the lot of Jtrma.

G). As conditions dictate open gute at Spooniood to a flow of 5 cfs. This
iould' probably occur near the end of July or early August.

* C O•DfrL','ZS

The suggested future operation is advantageous over strictly recreational
use only for the following reasons.

A) Multiple use of the resource is obtainable if properly managed.

B) Can be income producing or at least cost effective, is. whatever
costs are incurred would be paid for by downstream user.

C) Incurr$ a minimal operation 'of Spoonwood DeL.

D) Satisfied operational request made by majority of Nubanusit abutters.

E) Satisfies request of Lake Skatutakee abutters for adequate "flush-
flow" thru "their" lake.

F) More than amply satisfies fish-flow requests by Trout Unlimited and
the Fish and Game Department.

G) With normal weather conditions prevailing there would be a more
stable and managed withdrawal from Spoonwood and Nubanusit than
"previously; hence, a mora satisfied public.

>1.
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LAKE NUAB. U:SIT SILDY

VAX 
0VTLIE SMMARY

1) Dam owners: John J. & Charles Colony (Nubanusit Lake D•-)
2) '"Water rights": All artifically stored water nay be reasonably used.

Dam ou-ners have doaded rights to draw W1'-10" fro-- "full pond" as 4
P indicated by two pipes (painted red) in a boulder in the lake.

The gage reading being 13.10 at "full pond".

3) Present Operation: Lake Nubanusit is a storage reservoir for downstream uses.
* Owners may operate dam to maintain flow in brook for any reasonable down-

stream use and lake level may fluctutate anywhere within the ll'-i0"
allowable drawdown. 2 Io

4) Scream Baseflow: Fish & Game DeptA re. est is 0.2 cfs/-i- discharge at the
dam. Drainage area is 6.1 m"i. Ba~seflow would be 1.22 cfs through dam.
In ochar words a trickle. Gate could be totally closed and leakage
woult supply flow in excess of one cfs.

5) Drainage area: 6.i mi 2 .

6) Flood flows: Q15= 290 cfs; Q100 - 650 cfs.

7) Lake Surface (at full pond): Area: 715 Acres; Alti:ude: 1376' MSL

8) 'ax. flow capacity: 695 cfs (w/o backwater form bridge cý.annel sluiceway).
(:hru dam structure)

9) Original -ill Uses: 1) To provide a reasonably constant downstream flow thru
Barrisville Pond & Lake SkatutakAs.

I1) To provide sufficient flow into -arriaville PondV to maintain a full pond.

10). Current uses for Nubanusit:

I) To provide flow into Rarrisville Pond which supplies:
a) The energy resource to gaeerate electrical power

at Filtrine 'Manufacturing Co. Via an informal
agreement.

b) A 'constant water supply for: 1) fire protection
"equipment at Filtrine UIf. and local commity
area via pumps at'mill. 2) fresh water supply for
mill and 'local area. 3) P.rocass water for Filtrine
Xfn.

11) Recreation - Boeating & Fishin,

B-12
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1!) R.equests =ade h~y Lake Nubanusit Assoc. Inc. aAd ot-hars:

A) Maintain lake level adequate for recreational purposes ie., 12.0 on
gage on June Lt & 11.0 gage on Sept. 1 5 th (straw vote taken at public
hearing) w/tolerance of + 0.5'.

B) Lake level and streamflow properly managed for fishing Interests.

C) Maintain sufficient flow to keep Harrisville Pond full for aesthetic
reasons, hydroelectric power generation -and other uses at iiltrine
Manufacturing and the local surrounding area.

D) Maintain sufficient flow to keep Skatutakee full and adequately flushed
to prevent an "Algae Bloom".

E) WRB to review the dam owners operation and recoend an operational
procedure.

F) WRB to review and coment on projected daeages due to any recomended
change of dam operation.

G) WRB to review any rossibility of accepting liability and damages as
caused by the directed change in dan operation.

12) Flood Potential

1) Storm of record: Hurricane and flood of 1938

A) Dan operation: Lake 'don 19 inches fro= full prior to sto,.m=
Lake rose to 1S inches above full during peak flooding
Gates were opened during storm to save structure

from possible' failure

B) Summary of storm(w/accomp. rain.s)indicates it approached the 100 year
frequency for the Nubanusit vicinity.

2) Dam structure can handle estimated peak flov of the 100 year frequency.

3) Downstream conditions limit peak flows (if non-destructive) to the 50
year frequency at two locations.

A) Exiting Harrisville Pond (at town bridge near library
B) Dam 9t Skatutakee Lake

4) Data indicates that in order to store the estimated runoff from a 100 year

frequency storm, w/o operation, and within the deeded operating limits, the

lake needs to be down 3-3 1/2' 'from full.

5) If the deeded '"full pond" limit is removed from consideration, and the dam
is considered structurally sound, then the lake level needs to be down

0.5' to 1.0 feet from "full pond" to handle the 100 year storm flows W/o
operation.

, , * .
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13) Available operational options (for "normal" weather conditions prevailing)
A) Operate dam at Nubanusit for strickly recreational purposes as

requested by lake abutters vith discharge limited to fish flow
requirements only. (A generous 0.2 e-fs/ ti 2 flow would be 1.22
cfs discharge for the watershed. This outflow can be met easily
even w/gates closed, ie. leakage).

B) Operate dam at Nubanusit as a st"irage reservoir for the purpose
of maintaining a "full pond" at Harrisville and Skatutakee, and
provide an adequate "flow through" to prevent algae blooms.
(This years operation appears to satisfy this request: discharge approximate
8 cfs).

C) Operate dams at Harrisville Pond and Nubanusit to provide suffi-
ciant flow into Earrisville daily and to generate electrical power
at Filtrine Manufacturing Co. for an 8 hour shift. (This flow
needs to be 15 cfs entering Harrisville, of which 10 cfs would be
coning from Nubanuuit daily).

D) Operate dams at Spoonwood, Nubanusit and Harrisville to provide
adequate flow for hydropower, electric generation and recreational use

of Earrisville and Nubanusit if variable pond elevations will be
tolerated on all three ponds.

14) Discussion

A) Option "A". This is not a viable request because the dam on•.rs
who do have a large investment in the construction and maintenance
of the dam and the rights to draw ,water from the storage reservoir
are not being paid any consideration. Perhaps some mutually agree--
able financial arrangement between the dam owners and rake abutters

could be devised to make this option acceptable to all parties con-
cerned.

B) Option "B" This option is equally unworkable for the same reason as

S"A - no compensation is being allowe4 and the dam owners are carrying
the entire financial 'burden. Besides that, the V.S.P.C.C. does not
allow streamflow dilution as an acceptable alternative to construction
of adequate sewage'disposal systems.

C1 -Option, "C" Of those provided this is the first option which meaning-
fully satisfies several requests. It requires, however, a nearly
full pond at the start of summer and a tolerable drop of lake level
of approximately 2.5 feet. It adequately draws the lake down for
storage of the anticipated fall rains, provides abundant "fish flow"
in Nubanusit Brook and thru Lake Skatutakee. This option should also
supply sufficient water to operate Piltrine's turbi•e if Harrisville
Pond is carefully managed. In other words Lake rubanusit is once again
being utilized for its original intent'- a reservoix.

D) Option "I)" The additional careful management of Spoornood should allow
for sufficient storage release in late suer if Subs• uit drops too
low or too fast. This option has the additional benefit to those of
"C" -as Nubanusit can also be used for recreational (boating) purposes.
Since there are no buildings on the shores of Spoomucod large fluct-
nations in water level (if necessary) can be tolerated.

B-141
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15) Conclusion~s

A) The issue of taxes should not even be considar'al by the Board as
iti ofitbetween the towrns 'and lamdo-wnaas. --

B) Since Nubanu~sit is partially artificial and the daen is quite
conspicuous, prospective cottage owners shou~ld inmvestigate the
history of the lake prior to any sale or const=-ction of any
structure. Their claim of not having lake-from: property is true,
however, they currently still have unrostricae~ access and use of
the lake.

C) The dam which impounds Lake Nubanusit has suffIiient capacity to
pass storms with frequencies up to the 100 year prrviding that the
gate and bridge channel sections remain clear c! obstructions. During
this event it vould require that the "flood hazard" gates be opened and6
splash boards be removed from the spillway cres:-. The 1938 hurricane
is the s tcrm of recor4 and the dam safely pass&! those flown as
operated.

D) To operate Nubanusit Dam solely for recreation =n that lake Is not a -, ..

realistic operation when you consider that thars are both energy and
income producing uses downstream.

E) The reservoir system that includes Harrisvillle ?ond, Lake Nubanusit
and Spoonwood Pond can adequately supply water !or the various
uses to which it is put during a year of norm-al precipitation If
properly managed within acceptable operating limits.

F) Since this report does not iscoemnd any drastir- alteration from
the owners past operation except to suggest tha: more constant
attention be given to the dam's operation, all liabilities still
rest with the dam owners and the Stats will accept none.

7.1



Mr. Gearqq M. McGee. Sr. Chairman
'4.N4. Water :ýtsourcvs loard IRW ~iv9.y
'37 Pleasant Street 1 ~ 4 'I."hi
Concord, I*14* 03301 W

WAlE MOOMME MUAD
^*or Mr. McGeop

We have aegn advised by your staff engineer. Mr. Knowlton, that his
;roup has n w prepared for the Commi ssion a Staff report and reCO -

.meidations on the liubanusit Lake levels 'problem, and that the CoeIumssion .
will Oft-sumbely act on it at your Meeting on Friday, September 16th at
Pittsburh, N4.H1.

Mr. 9nowlton has been kind enough to giv' e us an outline of the guidelines'
and reeUirgOntSron administration of the lake levels proposel. liaturBlly
we are cr~estfallen to fini that in these recommendations every single Its"
de'mande-d by our opponents has been granted, and all of the points we have
trial so carefully to bring out from the experience of well over a huindred
years of careful and safe managwemnt of the lame have been ignored.

'4e will , of course, abide to the best of our ability with your final ..

JecisionstJ We wouli, however, like to earnestly re~quast at this point
one snall concessien to our difficult position.

Cur legol full pond level is at 13.10 feet elevation on the scale and
we understand that the stsff report will requaest a levell on June lit
of each year at 1201~ feet. 0

The records of the past eleven years For this late are as followas

1967 12.90
1361 12.75

MO .12-30

1971 12.20
13M. 12.0.3
1973 13.02
19714 12.60 '

1075 12.20
1976 12.1.5p..-
1977 12.90- .*..

wea have no record of any comtplaints concerning these levels for any year0
other than the present one andS we strongly reauest that yow considJer re-
vising the bench mark for June Ist from 12.00. to 12.5-3 feet Few, the folio..'
ing reasonst

1. r he wastae-. of water during may after 'the spring runoff
to get fh* level dow to 12.04 feet willt be considerable.
and far 3peyond any rewuire'vnts, in-cluding genemration of
"War, in the watershed below.

2.This upper sin inches of water hells a far larqer velumee
of water then any other he Ijoot InCrenet of the lake.

W W 110 W a a 4



This would be a tremendous help to us in carefully
budgeting the limited amount of water available to us in
the lower lakes to maintain their opt~imum quality; to
shmewhat lessen the heavy 4emand and depreciation of one of
the areas great natural assets (Spoonwood Loab*); and at
the same tif to maintain the maxiwmpe lower levels of
?lubanusi t to accomodate the sutmear population.

we sincerily hoep that you will give fhis slight change in the schedule,
a great deal of careful consideration. We thoroughly believe it would
be the very best for all concerned and would help forestall any future
petitions and hearings by the users of Spoonwood, Moarrisville, and
Skatutakee Lakes.

Very truly yours,

-. ..-...- *"

John and Charles Co y "..

Morrisville, H.H. 034.50

*.e
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CHESHIRE WOOLENS, INC.
MAM.VIhg. V 4 NlW MAMPoM0 03430 * (0031 027-3332

Feb.38, 1976

•r. George M. FaGee, Sr. Chairma
1,atsr Resources Boare, State of New Hanoeahiro
37 Pleasant Street
CUncord, N.H. 03301

Dear M~r. J4cee;-

In replv to your commets c€ncerning the daut at Harrisville
Pond (U109.08) and :Iubanusit lake (I166.0i4), and with our helpful
conference with your it.ird at the time we mde the Inspecti- with
him, we have the following communts to make;-

At the Harriviloe Dam we have been aware of the slight leakage through
the stonework of the dam on the east side. There has been no settlernt o f the ...
stonework itself, as this would have shown np in a settiemut of the brick factory -- -
for which the dam serves as a foundation. 'de have noted that when the lake
is down lj- feet belbw norml full pondat which point Mr. Bird rode his
observations, the leakage entirely subsides, so our problest is evidently -

due to some s'all voids in the fill between the canal stonework and the da- .
stonework, and localized in the top few feqt of the fill.

Our plan to remedy this it to drop the lake two feet for a eouple of
of days after the spring run-off and to hand dig to the voids and puddle -0
with firm hardpan to restore the impermeability. This cam certain bhe
accomplished by the first of July.

Ac to the overflow vWxi we will clear out the stones whicb lie In the
channel above the culvert. We will do this very shortly when we have a back-
hoe in the area, whichwe expect very soon in conjunctien with another job.

'As to the Ifbub.niit Dai we have already talked to the party that wil•-
iny the trees from the seokmmit, and we have advised the neerby cottagers

that this is going to have to be done. In regard to thiswe would like'to confer
with Mr.Bird, wihen heý is again In, the area, as to leavin a few of the trees
around the western and of the dan near where It reacahes the natral-grade..
This area has a beach which is used by mny of the townspeeple for swix.ong
and we would like to spae as many of the trees the as poesible, however will
take doim all of *.he treeas that Mr. Di.d feels nI t amoie dam.

The dsrwpair to the western apron-well seem to be confined to a
concrete topoing installed thirty years ago by N.H. Fih and Game to support
a f i sh screen installed by than. ;.e will either trim this up or rem it air
from the channel. The dislocation of this topping has a•ised *ý de ge to
the lake level level gauge, which we will rosove and reset.1ld appreciate
you r vising if you can furnish any sections, of the auge that my nee"
replace ent.

".: feel that all of the above projects can be finished b- July I at the . --
latest, same of them much sooner. '1t would walcmp any c•mets you miot have
on our planned procedure. tr.yom, •J r..--.-.r.
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INTBA!NSIT LAKE

STO.IM STORAGE CAPACrn REVIEW0

I Kannison-Colby: 100 year f req. f low

Q10o , 650 cf a peak estimated flow

II Sfl: 100 year 6 hr. store (5 in. precip. with 2.3 in. runoff)0
*1015 c~s

100 year 24. hr. stnru (6.1 in. Frecipitation with 3.2 Ia.runoff)
14115 cfs

III Hurricane 1938:

Produced 10 in-. of Precipitation with estimated 6.6 In. roff0
Qp- 2915 cfs

This lake f715 ac. 6fall pond) being located iu a m=U watershed (only
6.1 square aliles 3904 atQ leads Itself well as a runoff storage facility. Only
a minimum amount of dam, operation should be required even for the management of
the estimated 100 year stream flow. The figures above indirAte estimated --

peak flood flows entering the lake. The following is an exan Lou of these .0 -
figures into other relationships.

Kennison - Colby:

650 cfe peak, 5790 cfs-hre 241 cfs days 4 178 ac. ft. or rise of 0.67 ft.
of the 715 acre lake.

SCS: 100 year 6 hour storm

1015 cfe peak, 9098.52 cfs-hro 380 cfs-days -750 ac. ft. or rise of
1.05' of the lake

100 year 24 hour storm
11.15 tie peak, 12,584.62 tfs-hra. -525 cfe days -1040 ac. ft. or rise of
1.45' of the lake.0

fHurricane - 1939
2915 cf s-peak, 26,020 cfs-hrs -1084 cf s-days -2149 ac. ft. Or rise of

3.0 ft. on the lake.

B, 19
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to review of the *receeding, it indi~ates that the storage capacity of the
reservoir even at full pond with 2.9' of freeboard could theorically storet the
l100 year frequency storm without req~uiring any discharge. In analyzing the -

supplied data in the files, it appears that for all practical purposes the
hurricane of 1938 vas temporially stored for the watershed in klubanusit Laka without
any reported damage to the dam as caused by high water. Therefore. the ricquest by
the Rubenusit Lake Association of a more stable and gradual dinsedovu of the lake
is possible from the safety aspect against flooding, or breaching of the do*.
This aesomes, of course, that the dam is strucvurally sound and the temorary
storage will be allowed above the doeeded "full pond" rights. If either aassumptiom
is not valid, then an alternate management schem would have to be devised.
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January 3, 1975

M~r. John J. Colony, Jr.
Cbfhire )fills
Harriavillse Now Hampshire

Dear HIr. Colony:

Over the past few moths, s taff egineers of the Water Resources
Board have had the opportunity to review the material you submitted to
-2s regarding the operation of Lake Hubaunait an4 Spoonweod Pond during 0
,;he period of Jammary 1973 to August 1974.

The readings submitted were at tla~~~ iscvrn
period of month& which would not allow us stV o-Pola'tuntforC landertailed
evaluation of your operation. We hve* &Ib made 4BLItmatest of the discharge
capacity of theae lakes en4 correlated thý wit in lake level.

Pro ths mteral.witcatg~st'ýat ds imethat your operation'

was in ay way capricious and being' dam oeners ourselves, we know you are
defenseless against onaatbortzsd operatioL n cannot be held accountable
far them. We do. however, atojse 'tatemant regarding requ~xammt
to release water dowuatrem p-> -;,=te~of the Water Supply and Pollution
Control Commission since* to copu;4I wld~e present statutes of the State of
Sw Hampshire relating to thq/aha4 1 t of pollution prohibits the use of
stored water to provide diluti da method of treating polluted moste
therefore releaaesiisf water 'coz.thlis purpose is not reesonable.

We believe>Y .dmedies periods of low inflow during the a
montha, a discharge of!s5 cubic feet below Nubacusit Lake would be more..
.reasonable ad would ake all commo law and riparian rights downstrin
The Board is not swaipýof any legal rights or contract by which you may
be bound to discharge io n ess of this amount.

To properly evaluate your operation over the next -yewr or more
we request that you ootify the Board, on a hi-weekly basis of your gate
openings and water level sothat we may be able to evaluate your operatioe
more thoroughly. We are providing you with roep.:ting cards for this
purpose which are *elf.amlasmtory. jour operation at Spoonvood Pond
could be listed unde "Remarks" along with your changes of gate opeation.

If you have my qaostions regarding -.he aborve, plea"e coatsrct us
at "Mconveniance. 0

Very truly yours.

gaicg/vak~e'George It. Hfc~eo, IT. *. **.

macla.
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MMEMORONIEM

DATS: September 10, 1973

FROM- Donald M. Rapota, WJater Resources Engineer 0

SUBJECT: Inspection of dam at outlet of Pubanuseit Lake, Nelson -#166.04

TO: Vernon A. Knowlton, Chief wJater Resources Engineer

On September 5, 1973, 1 inspected the dam at the outlet of
Nubanusit Lake in Nelson. Representative Robbins Milbaenk called this 6 0
office sometime ago and requested that the da be inspected because
his constituents were inquiring about the safety of the structure.

Inspection Findings

It is ry opinion that the dam should be classified as a
menace structure because of its location from Harrisville Village.
and the fac; that the only outlet from Nubanusit Lake is gated. If
the gates became inoperable for extended periods, the dam could be
topped. At the present tine, there is no concern for the safety
cf structure.

Gage Elevation on September 5, 1973 -9.38 ft.
Lake appears to be approximately 2.0 feet below normal.

No seepage found at toe of earthen embankment.~

th ae The visual section of the cut granite stone headwall under.....................
th &tohosewas ingood condition. The two walls extending Into ** .

telake fromn the headvall which forms a sluicevay were in poor con- ~.
dition. These walls need repairing or replacement. Debris was found.
on the trash rack, and the rack did not extend the width cf the opening. *.

Trees and brush on the dam embankment should be removed. S

The two gates were opened approximately 5 to 6 Inches.
'Becausi of the flow, I could not determine the condition of the Igates
and the condition of the headwall at the gate section.

DMR:js
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Linber 4ud Weode

1.1.2MU Paoe 139 Sarah 3, 18M

Charles Ubml cm to Cboahlw. 311.
?be wrihrt @&A priv~lee of weisiap sad meintalaita st the
outlet in Iolsmam of Long Pond ao sallad a prmaamet tight am
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drives In%* a hole drilled In a atano at %twiv proedt *u4
ROS the get@ house. mad two Iroa.. delve. Into kole. drilled~
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mortL of tbe wvast one or mt dm e nd or nvwugn b7 ameas of7
#vO dom *a mek of tLe anmd hereinafter doseribad belo~njif
to no., as will be flowed 1.. somooaea. of *roeting and usatnataning
asildaEm.
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APPENDIX C

SELECTED PHOTOGRAPHS
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2. Detail of gatehouse inlet from upstream
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APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS .

FOR

NUBANUSIT LAKE DAM
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APPE~NDIX E

INFORMATION AS CONTMiNED IN 0

THE NATIONAL INVENTORY OF DAMS

E-1-



az

fu 0

-0

C..c

a022

H --r I.,
IIL atI

(- zi cc

0

>~ z

o p . . - 0

LL W z -'
* 3 ~ II

4IIII



S

0

0

S

S

'FILMED :07

S

6-es,
0

S;'DTIC,
S

S


